Two studies were conducted to investigate measures of children's metacognition. Experiment 1 presented two versions of a self-report inventory, the Jr. MAI, appropriate for assessing metacognition in children in grades 3-9. Factor analyses are interpreted that illustrate how the items measure components of metacognition. Experiment 2 further addressed properties of the two versions and compared the instrument to other inventories, teacher ratings of children's metacognition, and student achievement scores. Findings indicated high correlations between the Jr. MAI and an existing metacognitive problem-solving inventory (Fortunato, Hecht, Tittle, & Alvarez, 1991) . Moderate correlations between the Jr. MAI and other self-report instruments of metacognition while reading (Jacobs & Paris, 1987; Schmitt, 1990) and low correlations between the Jr. MAI and teacher ratings of metacognition and
overall achievement scores were also found. Gender and grade level differences in metacognition are presented and discussed. The instruments are appended. © 2001 Elsevier Science (USA) One goal of education is to promote and develop self-regulated learners. Both practitioners and researchers are interested in the extent and development of self-regulatory abilities, such as metacognitive knowledge and regulation, in school-age learners. There is a current need for measures of metacognition as well as measures of other self-regulatory constructs (Winne & Perry, 2000) . There are two main reasons for this need. First, many teachers, administrators, and researchers are interested in facilitating self-regulated learning and therefore need to assess the effects of learning strategy interventions on learners' metacognitive processing and strategy use. For example, when planning and testing various interventions, clear information about the status of metacognitive skills in learners could facilitate effective targeting of metacognitive and other self-regulatory weaknesses. If such weaknesses were related to reading comprehension, for instance, instruction could be focused to develop more effective planning and monitoring skills (Cross & Paris, 1988; Manning, Glasner, & Smith, 1996; Paris, Cross, & Lipson, 1987; Schraw & Dennison, 1994) . Effectively identifying metacognitive and selfregulatory skills is crucial to the appropriate design of subsequent interventions.
Second, there is a need to further understand the components of self-regulated learning. Currently relatively little is known about the relationships among constructs comprising self-regulation, such as strategy use, metacognition, and motivation (Brownlee, Leventhal, & Leventhal, 2000; DeCorte, Verschaffel, & Op 't Eynde, 2000; Weinstein, Husman, & Dierking, 2000) . Understanding of the interrelationships among self-regulatory constructs, through effective measurement, can facilitate needed further theory development and testing (Winne & Perry, 2000) . The current work addresses these two needs by examining measures of metacognition in learners in grades 3-9.
Several methods of measuring metacognition and self-regulation have been implemented both for research and practice with children. Some have relied on standardized achievement scores. Achievement scores are sometimes used as dependent measures in intervention studies with special and general education children (see as one example, Feitler & Hellekson, 1993) . It is important in school-based settings to determine if interventions may impact standardized test scores. Standardized achievement scores, however, can be problematic when used as measures of self-regulatory constructs such as strategy use, motivation, and metacognition, since research indicates that the relationship between standardized achievement scores and metacognition is not direct. Metacognitive training programs, for example, have been shown to be effective for teaching reading and problem-solving strategies regardless of learning aptitude or achievement (Delclos & Harrington, 1991; Jacobs & Paris, 1987; Palincsar & Brown, 1984) . Also, Swanson (1990) indicated that metacognitive knowledge and intellectual aptitude were unrelated and that metacognitive skills helped children of lower aptitude compensate on problem-solving tasks. Similarly, Pintrich, Smith, Garcia, and McKeachie (1991) indicated that metacognition and strategy use were not highly correlated with academic achievement. In addition, Pressley and Ghatala (1989) also found metacognition to be unrelated to verbal ability and further indicated that achievement and ability measures are not a good proxy for metacognitive skills. Additional research also illustrates a lack of significant correlation between aptitude measures and metacognition. For example, Allon and others (Allon, Gutkin, & Bruning, 1999) found no relationship between metacognition and IQ in a ninth-grade sample. Therefore, based on several studies, the relationship between achievement or aptitude and metacognitive constructs is unclear.
One would hypothesize that metacognitive knowledge and regulation would facilitate learning and have an effect on academic achievement; however, as illustrated, research findings do not always support that hypothesis. As such, the use of achievement measures as indications of metacognitive knowledge or other self-regulatory constructs is unwarranted.
Measures that directly assess metacognition and broader self-regulatory constructs have also been used. H. Lee Swanson (1990) , for example, used an interview technique with learners in the intermediate grades to assess metacognition. Similarly, Zimmerman (Zimmerman & Martinez-Pons, 1986 ) employed a structured interview technique to measure self-regulation. Others have employed monitoring checklists (e.g., Manning, 1996) to promote and measure metacognition. Newman (1984a Newman ( , 1984b Newman & Wick, 1987) , Pressley and colleagues (Pressley & Ghatala, 1989; Pressley, Levin, Ghatala, & Amhad, 1987) , and more recently Tobias and colleagues (e.g., Tobias, Everson, & Laitusis, 1999) have used calibration techniques to assess learners' metacognitive regulation. Teacher ratings have also been employed to measure metacognitive and self-regulatory processes. Zimmerman and Martinez-Pons (1988) found teacher ratings of self-regulation to be slightly correlated with student ratings of their own self-regulation and moderately related with achievement measures. Although Zimmerman and Martinez-Pons used teacher ratings as measures of self-regulation, others have employed teacher ratings as measures of metacognition alone (Tobias, Everson, & Laitusis, 1999) . Additionally, inventories have also been used to measure metacognitive processes in school-age learners (e.g., Fortunato et al., 1991; Jacobs & Paris, 1987; Pereira-Laird & Deane, 1997; Schmitt, 1990) .
Each of the methods of measurement has advantages and disadvantages. The main reason for many disadvantages is that it is difficult to capture meta-cognitive processing via direct observation. Achievement scores are particularly limited as a measure, as noted, because gains in content knowledge and abilities may or may not reflect changes in metacognition, strategic knowledge, or other regulatory constructs. Interviews and other rich data sources, such as journals and open-ended responses, are problematic because of the relatively lengthy time to administer and time-consuming process of data analysis. Sometimes these data are reduced to a relatively small numerical scale, which may decrease the benefits of such rich measures (e.g., Craig & Yore, 1995) . Think-aloud protocol measures are often similarly cumbersome in administration and scoring. The strengths and weaknesses of such protocols were addressed in reviews both by Nisbett and Wilson (1977) and Simon (1980, 1993) . Pressley and Afflerbach's (1995) critique of Ericsson and Simon's work and their own contributions provide suggestions for effective use of protocols and their subsequent analyses. Difficulties remain, however, and at times learners' level of strategies and skills may preclude them from also thinking aloud while engaging in learning and monitoring tasks (Cavanaugh & Perlmutter, 1982; Pressley & Afflerbach, 1995) .
Monitoring checklists, where learners check off target activities during or after a learning task, provide a systematic means to assess both metacognitive classroom academic learning and self-regulation of behavior in interventions (Manning, 1984 (Manning, , 1991 Reid & Harris, 1993) . Calibration techniques, where learners make a judgment of their learning or of their performance that is then compared to their actual performance, also have served as a measure of metacognitive processing across age and ability levels (Pressley & Ghatala, 1989; Pressley, Levin, Ghatala, & Amhad, 1987; Schraw & Roedel, 1994) . In calibration measures, the difference between the rating and actual performance is calculated as either a bias or accuracy measure. The magnitude of this difference is taken as a measure of a learner's ability to monitor and evaluate her learning. The benefits of the calibration technique are that calibrations may be less subjective but are also easily administered and scored. Although often used, one concern with calibration techniques is their close similarity to self-efficacy ratings. Pajares (1996) provided discussion of measures of self-efficacy that are very similar to calibration assessments. It may be that calibration techniques capture self-efficacy or other motivational constructs rather than metacognition. Winne and Perry (2000) further address the limitations of various approaches to measurement of metacognition and other self-regulatory constructs.
Self-report inventories as measures of metacognitive processing are perhaps, in some ways, the least problematic technique. In terms of their benefits, these inventories are easily administered and scored, which makes them useful large-scale assessment tools for determining which learners may need interventions in metacognition, strategy use, or superordinate self-regulation. Self-report inventories may also be helpful for use in theoretical research.
For instance, research has demonstrated that both the knowledge and regulation components of metacognition can be measured via self-report inventories (Pereira-Laird & Deane, 1997; Schraw & Dennison, 1994) . As selfregulatory constructs are further delineated, researchers will need measures of metacognitive processes to facilitate theoretical and predictive models of self-regulation.
Unlike inventories used with older learners, such as the Metacognitive Awareness Inventory (MAI) (Schraw & Dennison, 1994) or the Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich, Smith, Garcia, & McKeachie, 1991) , and the Learning and Study Strategies Inventory (LASSI) (Weinstein, Schulte, & Palmer, 1987) that have undergone assessment for psychometric properties, less is known regarding self-report inventories of metacognition for use with younger learners. Such inventories are often developed for a specific one-time use and are rarely compared to other measures of metacognitive processing or to achievement.
Research on children's metacognition generally employs one of two frameworks although other conceptions of metacognition are present in the literature (e.g., Nelson & Narnes, 1996) . One framework, initiated by Flavell (Flavell, 1979; Flavell, Miller, & Miller, 1993) , presents metacognition as including metacognitive knowledge and metacognitive experiences. Metacognitive knowledge includes task, person, and strategy components. Metacognitive experiences include feelings of understanding and may be the impetus for strategy implementation (Flavell, 1979) . In later writings Flavell and colleagues referred to these components as metacognitive monitoring and self-regulation (1993).
The second framework initiated by Brown (1978) , and further delineated and discussed in later work (Baker & Brown, 1984; Cross & Paris, 1988; Jacobs & Paris, 1987; Paris, Cross, & Lipson, 1984; Pireira-Laird & Deane, 1987) also suggests two components: Knowledge of cognition and regulation of cognition. The knowledge component includes declarative, procedural, and conditional knowledge of cognition. The regulation of cognition component includes constructs such as planning, monitoring, and evaluation. The current study employs the Brown framework of metacognition as the theoretical foundation.
The Brown framework was chosen for several reasons. First, the instruments developed and tested in the current work are based on an adult measure of metacognition that was developed conceptually from the Brown framework. Second, in Experiment 2, the new instrument, the Jr. MAI, is examined in an initial construct validity study. The other instruments used in Experiment 2 were either developed based on the Brown framework of metacognition or the items on the instruments can be readily classified into the Brown framework. In this way, the Brown framework provides a consistent construct definition for the initial validity examination. Third, the current study addresses metacognition within the context of an academic setting. The Brown framework provides direct application to academic learning settings (e.g., Baker & Brown, 1984) .
The current work addresses three main goals. First, both experiments address the development of a self-report inventory measure of metacognitive processes. Based on the Brown (1978) framework of metacognition two versions of the Jr. MAI were created to assess the metacognitive skills in learners in grades 3 through 9. Second, the second experiment investigates relationships among measures of metacognitive processing in school-age learners and examines four self-report inventories of metacognitive processing as well as teacher ratings of metacognitive processing. Third, the second experiment also considers the relationship between measures of metacognition and standardized achievement measures, gender differences, and grade-related developmental changes in metacognition.
EXPERIMENT 1
The first study was conducted to assess the psychometric properties of two versions of a metacognitive instrument, titled the Junior Metacognitive Awareness Inventory, or Jr. MAI, developed for use with younger populations. The Jr. MAI was developed from a previous instrument, the Metacognitive Awareness Inventory (MAI), used with adult populations (Schraw & Dennison, 1994) .
Methods

Participants
Participants included all 344 children in third through ninth grades from a rural K-9 grade school. Less than 1% minorities reside in the district and therefore few minorities were included in the study. Fifty-one percent of the children in the school qualified for free or reduced lunch programs.
Materials
Two self-report inventories were developed. The first inventory (Jr. MAI, Version A) included 12 items with a three-choice response (never, sometimes, or always) for use with learners in grades 3 through 5 (Jr. MAI, Version A is presented in Appendix A). The second inventory (Jr. MAI, Version B) included the same 12 items but also included 6 additional items and used a 5-point Likert scale for use with learners in grades 6 through 9. The additional 6 items were added to reflect higher levels of regulation that would likely be evidenced in older, more experienced learners (Jr. MAI Version B is presented in Appendix B).
The Schraw and Dennison (1994) measure for adults (the MAI) was used as a reference measure. First, items that loaded strongly on the knowledge of cognition and regulation of cognition factors of the MAI were examined. After selecting those items that most strongly represented the two factors, each item was first checked for relevance to a younger population. For example, an item from the MAI, which was less appropriate for the current population, was I understand my intellectual strengths and weaknesses. Second, most items were reworded to represent language understandable to younger populations. In addition, some items were given more of a context to assist young learners' understanding. For example, on the MAI an item that loaded heavily on the regulation factor stated, I ask myself how well I accomplished my goals once I'm finished. The item was reworded for the current population as, I ask myself if I learned as much as I could have when I finish a task. Third, items were further considered based on their loadings on the original eight components of metacognition represented in the Schraw and Dennison inventory. Consistent with Brown's theory, the Schraw and Dennison inventory, and related work, three components of knowledge of cognition (declarative knowledge, conditional knowledge, and procedural knowledge), and five components of regulation of cognition (planning, monitoring, information management, evaluation, and debugging) were considered. Fourth, two classroom teachers from the school from which the sample was drawn, a third-grade teacher and a fifth-/sixth-grade teacher, were consulted prior to administration. Both teachers felt the items would be answerable by their learners. The third-grade teacher confirmed some of the Version B items would be too complex for her learners. Table 1 provides Jr. MAI item number, the original MAI item number, and item. The loadings from the original scale as reported by Schraw and Dennison (1994, Experiment 1) are presented and the item affiliation is included. Appendix A and Appendix B present the two versions of the Jr. MAI and can be referenced to illustrate changes in the items from their original form as found in the MAI.
Procedures
All learners in grades 3 through 9 were included in the study. In all classes the instrument was administered as part of normal class procedures. Although not part of the protocol, teachers administered the inventory in grade 3 by reading each item aloud in a group setting. All other learners completed the inventory at their own pace. The classroom teacher or paraprofessional gave additional assistance to those in need of it. The Jr. MAI, Version A, was administered to grades 3 through 5; the Jr. MAI, Version B, was administered to grades 6 through 9.
Results
The primary goals when developing the Jr. MAI were to create a short, easily administered instrument for use to screen learners for potential metacognitive and cognitive strategy interventions and for use as an assessment tool to determine the effectiveness of ongoing interventions. First, all items were checked to assure no items were nonnormal given Skewness or Kurtosis. All items were within criteria for meeting normality (Fabriger, MacCallum, Wegener, & Strahan, 1999; Tabachnick & Fidell, 1996) . Communality estimates were examined for the items in each of the inventories. Two items for Version A (Item 4 and Item 5) indicated communality estimates near 1, perhaps indicating some redundancy in those items. No items warranted concern based on communality estimates in Version B. Next, separate exploratory factor analyses were conducted using an orthogonal varimax rotation with a principal components extraction method for each of the instruments. Oblique analyses were also conducted but are not reported as they yielded very similar results. This is consistent with findings from Schraw and Dennison (1994) in factor analyses conducted with the MAI. Version A One-hundred forty-four participants completed the inventory. Two of these cases were discarded due to incomplete data. Although the inventory employed a 3-point scale, variance in the scores was evident. The exploratory factor analyses indicated a five-factor solution using an eigenvalue of 1 criterion. Item affiliation to factor was determined by a greater than .35 correlation ( Table 2) .
The five-factor solution accounted for 60.4% of the sample variance. Item 1 was the only complex item in the sample and loaded both on Factor 2 and Factor 5. Factor 1 included four regulation items. Factor 2 was represented by two knowledge items and one regulation item. Factor 3 split with one regulation and one knowledge item. Factor 4 and Factor 5 included only knowledge items. In summary, in the five-factor solution two factors represented only knowledge items, one represented only regulation items, and two factors split and contained items from both the regulation and knowledge factors and therefore items generally affiliated as hypothesized. An exploratory factor analysis that forced two factors was also conducted. The twofactor solution accounted for 31% of the sample variance. Table 3 presents means and standard deviations for each of the items as well as the loadings from a two-factor solution. The last column presents the hypothesized affiliation of the item as either knowledge of cognition (K) or regulation of cognition (R).
Neither Item 5, I learn best when I already know something about the topic, nor Item 4, I know what the teacher expects me to learn, loaded in the two-factor solution. These items are also the two items that had somewhat weak communality estimates. In the same sample, for the two-factor solution, Factor 1 as represented in Table 3 is composed of one knowledge of cognition item and five regulation of cognition items. Factor 2 is composed of three knowledge items and one regulation item. Both Item 4 and Item 5 were hypothesized to have been on the knowledge factor. Overall then, while not all items loaded in the two-factor solution, the findings are still fairly consistent with expectations. That is, Factor 1 represents primarily regulation of cognition and Factor 2 better represents knowledge of cognition. It was expected that the factors would be highly correlated, as was found in the factor solution of the MAI and as is hypothesized in the literature. If high relationships between the factors were indicated it would indicate that the factor structure might shift some in subsequent samples. To assess the relationships among factors, the five-factor solution was further examined. Scales were created from each of the factors. Items were only placed on the scale with their primary affiliation to reduce inflation of the relationships. That is, complex items were only included on one scale. As expected, there were significant correlations between some of the factors. Significant correlations were found among Factors 1, 2, and 4. A significant correlation was also indicated between Factor 3 and Factor 5. While significant, these correlations were much smaller than those found in a college sample with the MAI and ranged between r ϭ .19 and r ϭ .24.
Grade level means and standard deviations are presented in Table 4 . A one-way ANOVA indicated significant differences between grade-level performance on the overall inventory, F(2, 141) ϭ 6.67, p Ͻ .05. Tukey HSD post hoc analyses revealed that grade 3 outperformed grade 4. This is likely due to administration differences. Teachers in grade 3, but not in grades 4 or 5, read the inventory aloud.
Version B
Two hundred participants in grades 6 through 9 completed the Jr. MAI Version B. Four of these cases were discarded due to incomplete data. Again, first an exploratory analysis was examined and five factors were again revealed. These factors accounted for 55% of the sample variance. Table 5 presents the item affiliation by factor. Several items in this sample loaded on more than one factor and represent complex items. No items, however, loaded on more than two factors. Table 5 presents all of the items that loaded on each factor as indicated by a .35 or greater correlation. Complex items are represented by bold print for their primary affiliation. All items loaded on at least one of the five factors.
Factor 1 was the least clear of the five factors and represented items representing both knowledge of cognition and regulation of cognition almost equally. For Factor 2, two of the eight items represent knowledge of cognition items while the remaining six items are regulation of cognition items. The two items that primarily load on Factor 3 include one knowledge of cognition item and one regulation item. With Factor 4, both Items 5 and 12 represented knowledge of cognition while for Factor 5, two of the three items represented knowledge of cognition, but Item 15 represented a regulation of cognition item. Therefore, items generally loaded as expected with the exception of Factor 1, which contained items developed to measure both knowledge and regulation.
As with the younger sample, an exploratory analysis that forced two factors was also conducted. It was expected in a two-factor solution that Items 1, 2, 3, 4, 5, 12, 13, 14, and 16 would represent knowledge of cognition. Six of these nine items load together in a two-factor solution. It was similarly expected that Items 6-11, 15, 17, and 18 would represent a second factor. These items loaded together in one factor in a two-factor solution. Therefore, all items written to represent regulation of cognition did load on a single factor. Interestingly, six of nine knowledge of cognition items loaded on this factor as well. For the older learners both the five-factor and the two-factor solution are quite interpretable. Table 6 presents the item level means and standard deviations as well as factor loading from an exploratory two-factor solution and hypothesized item affiliations in the final column.
Relationships among factors were again examined in this sample. The same procedure was employed as with the younger sample. Findings indicated higher correlations between factors in the older sample. All factors were correlated with each other at the p Ͻ .01 level but none were more strongly related. The highest relationship was found between Factor 1 and Factor 2 (r ϭ .61). All other correlations ranged from r ϭ .23 and r ϭ .42. This finding was consistent with conceptions that knowledge and regulation of cognition are related, while more similar to findings reported with the MAI than findings from the younger sample, the relationship was less robust than reported for college learners (Schraw & Dennison, 1994) .
A one-way ANOVA was conducted to assess differences between overall responses by grade level and significant differences were indicated, Table  7 presents means and standard deviations by grade level. The first experiment represented the initial phases of instrument development for two metacognitive inventories appropriate for grade school and middle school children as an assessment and screening device. Generally items loaded as expected. Some factors did split and contain items from both the knowledge of cognition and regulation of cognition constructs. This finding is consistent with similar work with the MAI (Schraw & Dennison, 1994) and is likely due to the high correlation between knowledge and regulation aspects of metacognition. Overall, all items did load on a factor in the exploratory analyses. Neither instrument, therefore, was altered from the original form found in Appendix A and Appendix B. The second experiment further tested the factor structure of the instruments and examined the instruments through an initial validity investigation.
EXPERIMENT 2 Method
Participants
Students enrolled in one of two schools in a rural school district participated in the study. The first school's total enrollment was 255 in grades 5 through 8. All of these children were administered the materials by either their science (grades 5-6) or math (grades 7-8) teachers during class time as part of normal class procedures. The second school had a total enrollment of 405 students in grades pre-K through 8. All children in grades 3 through 8 participated in the study as part of their class activities (n ϭ 157). To facilitate comparisons across samples, as in the first experiment, learners in third grade were read the instruments aloud, and any learners in need of additional assistance to complete the inventories were assisted by the classroom teacher or paraprofessional.
The instruments were administered in the math and science classes in grades 7 and 8 of the second school for consistency with the subject pool of the first school. Since both these schools are within the same district, the data for these two schools were combined for analyses (total n ϭ 416). Students in this sample were from a rural county. The number of children receiving free or reduced lunch in the countywide district was just over 60%. As with the Experiment 1 sample, a small minority population (approximately 1%) resided in the county.
Materials
Materials included a teacher information sheet, a teacher rating scale, an administration record sheet, and the two versions of the Jr. MAI. Additional measures of metacognition included the Strategic Problem Solving Inventory (Fortunato, Hecht, Tittle, & Alvarez, 1991) , the Metacomprehension Strategies Index (Schmitt, 1990) , and the Index of Reading Awareness (Jacobs & Paris, 1987) . These instruments were chosen because each was published in conjunction with articles on measuring or promoting metacognition and were previously administered to similar-age learners. In addition to the teacher ratings and the inventories, data were also collected from subscales from a fall administration of the Stanford 9 (Stanford Achievement Test Series, Ninth Edition, 1996) . Demographic data collected included gender, grade level, school, and teacher. Prior to administration, the inventory materials were piloted on eight similar-age children to assure that the items were clearly presented and answerable. No changes were made to the instruments based upon the pilot administration.
Teacher information sheet. Prior to rating students, teachers were provided a summary description of metacognition and characteristics of metacognitive learners to consistently define metacognition to all teachers.
Teacher rating. The teacher rating instrument, developed for this study and included in Appendix C, required teachers to rate each of their students on a scale of 1-6 for metacognition. Examples of student behaviors were provided for each point on the scale to assist teachers in rating. For the third grade, two teachers made ratings; for the fourth and fifth grades, one teacher made ratings; for the sixth and eighth grades, three teachers made ratings; and for the seventh grade, four teachers made ratings. A total of eight teachers, therefore, made ratings for the entire sample of students. The average ratings by teacher ranged from 3.5 to 4.0 on the 6-point scale. No significant differences by teacher were indicated in the ratings,
Administration record. Teachers administered the inventories as part of classroom procedures. To ensure consistency in administration, and to assure no anomalies in administration, a report form was developed to record length of time of administration, date of administration, as well as anomalies in administration and any questions asked by learners. Nothing worthy of concern was indicated from the administration records and no data were removed from the sample.
Each of the inventories was administered in the same sequence to all children. Descriptions of the inventories follow in the order in which they were administered.
Jr. MAI. Two separate versions of the Jr. MAI were administered: Version A for grades 3-5 and Version B for grades 6-8. In this study the internal consistency reliability of the Jr. MAI was .76 for the younger and .82 for the older learners.
Strategic Problem Solving Inventory (Fortunato et al., 1991) . The full 21-item inventory was administered, but was slightly modified for this study. In the original inventory a 3-point (yes, no, and maybe) response was used. In the current study the 3-point and the 5-point Likert scales used for the two versions of the Jr. MAI were employed. The internal consistency reliability of this instrument in this study was .82 for younger and .87 for older learners.
Metacomprehension Strategies Index (Schmitt, 1990) . This 25-item multiple-choice inventory required learners to identify behaviors they engage in while planning to read, monitoring reading, and evaluating reading. Items are scored as correct or incorrect. From a metacognitive perspective the inventory focused on regulation of cognition. The internal consistency reliability for this instrument in this study was .60 for the younger and .57 for the older learners.
Index of Reading Awareness (Jacobs & Paris, 1987) . The inventory was used with a slight modification made to the directions for greater clarity. This 20-item multiple-choice inventory required learners to rate activities they engage in while reading and again focused on regulation of cognition. The internal consistency reliability for this instrument was .53 for the younger and .38 for the older learners.
Stanford 9 (Harcourt Educational Measurement, 1996) . The Stanford 9 combines multiple-choice and open-ended assessment to measure students' performance in several content areas. The scores accessed for the current study included overall achievement, reading comprehension, and mathematical problem solving.
Results
The initial analyses were conducted to examine characteristics of the inventories and the consistency of the factor structure of the Jr. MAI inventories in a second sample. Again, exploratory factor analysis was employed to understand the underlying structure of the items. Again, five-factor solutions emerged from both data sets. Again, two-factor solutions were also forced on the data. A varimax orthogonal rotation with a principal components extraction method was again implemented. All items were checked for normality and communality deviations. No items on either version in this sample warranted concern.
In the five-factor solution for Version A, approximately 61.8% of the sample variance was accounted for by the items. Table 8 presents the item affiliation by factor. Several items in this sample loaded on more than one factor but no items loaded on more than two factors. Table 8 presents all of the items that loaded at .35 or greater. Bold print illustrates primary affiliation for complex items. Item 5 did not load on any of the five factors. For Factor 1, all items represented knowledge of cognition items. For Factor 2, two items were knowledge of cognition items while two were regulation of cognition items. For Factor 3 and for Factor 4 all items were regulation of cognition items. Finally, Factor 5, represented by only Item 4, was classified as a knowledge of cognition item. Therefore, except for Factor 2, all items loaded with their affiliation, though in more than two factors.
A two-factor exploratory analysis was also conducted. The two-factor solution was also quite interpretable. Factor 1 was represented by five regulation items and one knowledge item. This item was Item 4, which did not load in the two-factor solution in Experiment 1 and represented a single factor in the five-factor solution in this sample. Factor 2 included five knowl- edge items and one regulation item. The regulation item was the only complex item in the factor and actually also loaded on Factor 1 with the remaining regulation items. The two-factor solution accounted for 46% of the sample variance. Both the five-factor and the two-factor solutions appear to support distinctions between knowledge of cognition and regulation of cognition. As expected, however, relationships among items were strong, providing support for measurement of metacognition generally. Table 9 presents means, standard deviations, and factor loadings from a two-factor solution for the items in the second administration of the Jr. MAI, Version A. The item means and standard deviations are consistent with the first administration.
For Version B, an exploratory factor analysis again yielded a five-factor solution. In this solution, 52% of the sample variance was accounted for by the five factors. In contrast, 36% was accounted for by a subsequent exploratory two-factor solution. For the five-factor solution, Factor 1 represented 6 items, all of which are regulation of cognition items. Factor 5 represented only knowledge of cognition. Factor 4 contained 3 knowledge of cognition items and 1 regulation item. The regulation item on Factor 4, Item 11, was a complex item and also loaded more strongly on Factor 2. Factor 3 split and had 2 knowledge items and 1 regulation item. Factor 2 had both knowledge (n ϭ 3) and regulation (n ϭ 5) items. Table 10 presents the item loadings by factor for the five factor solution.
Again, a two factor exploratory solution was conducted. Factor 1 in the two-factor solution contained 10 items. These were 7 of the 9 regulation items on the scale and 3 additional knowledge items. These 3 knowledge items all were complex items and also loaded on Factor 2. Factor 2 in this solution was represented by all of the knowledge items and 2 additional regulation items. Therefore, the items generally grouped as was expected in both the five-and the two-factor solutions. Table 11 presents the means, standard deviations, and factor loadings for the two-factor solution for the Jr. MAI, Version B.
The second part of the analyses was conducted as an initial construct validity investigation of the Jr. MAI. Table 12 presents the means and standard deviations by grade for all instruments. Teacher ratings For Version B, the Jr. MAI was significantly correlated with all other inventory measures of metacognition but was not correlated with Teacher Ratings of Metacognition. Although many findings are significant, the large number of participants should be considered when interpreting these findings. Many of the correlations are not very strong. The strongest correlations were found between the Jr. MAI and the Strategic Problem Solving Inventory. This is likely due to the slightly more general nature of those two instruments. The Metacomprehension Strategies Index and the Index of Reading Awareness rely heavily on the reading context. In contrast, the Strategic Problem Solving Inventory addresses general problem solving and the Jr. MAI addresses academic learning more generally.
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No gender differences were indicated in either version of the instrument, t(129) ϭ 1.17, p ϭ .24, for the younger learners and t(246) ϭ .62, p ϭ .43, for the older learners. Although no differences were found among the older grades, F(2, 136) ϭ .03, p ϭ .97, differences were found in the younger grades, F(2, 261) ϭ 6.83, p Ͻ .001. Tukey LSDs indicated both grades three and five were different from grade 4 but there were no differences between grades 3 and 5. Table 14 presents the means and standard deviations for these analyses.
The third part of the analyses addressed the overall grade-level differences and the relationship of the Jr. MAI to achievement. To assess grade-level changes overall, the first 12 items, common to both inventories, were compared across grade levels. To do this, responses from the older learners were transformed from a 5-point scale to a 3-point scale. means and standard deviations for the first 12 items common to both versions of the Jr. MAI. ANOVA indicated significant differences between groups, F(5, 393) ϭ 4.09, p Ͻ .001. Post hoc comparisons not illustrated above indicated differences between grade 3 and 6 and grades 3 and 8 with third grade outperforming both sixth and eighth grades. Additional significant differences were also indicated between grade 4 and grades 6 and 7, differences between grade 5 and all of the older grades were also indicated with grade 5 outperforming each of the older grades. It was expected that there would be consistent grade level progression in scores on the Jr. MAI and this was the primary justification for a second version of the instrument for older learners. Expected differences were not indicated. Contrary to a priori beliefs, it may be that Version B is also appropriate for a younger sample. The final analyses illustrated the relationships between the Jr. MAI and standardized achievement measures. As discussed, previous work has not consistently indicated relationships between these variables. It was expected that in the older grades, metacognitive knowledge and regulation might be related to better achievement. Table 16 presents the correlations between the Jr. MAI and achievement scores. These correlations are rather low and indi- cate no meaningful relationship between achievement and metacognition in this sample.
Discussion
The results of Experiment 2 provide further information about the Jr. MAI. The Jr. MAI inventories developed and presented here are based upon the often-referenced Brown theoretical framework of metacognition (Brown, 1978) . Both of the theoretical constructs of knowledge of cognition and regulation of cognition were represented through exploratory factor analysis. In this study, an initial construct examination of the Jr. MAI indicated statistically significant correlations with all other inventories of metacognition in older learners and significant correlations with two other inventory measures and teacher ratings of metacognition in the younger learners. Gender differences were not indicated and grade-level differences were reported.
Although Version A was significantly correlated with achievement the correlations were not likely meaningfully significant as they were rather modest. Correlations between Version B and achievement were very low and some were negative.
GENERAL DISCUSSION
The current research sought to add to the knowledge base regarding the measurement of metacognitive skills for classroom assessment and to facilitate further development of theoretical models of self-regulation. Additional goals of this research were to develop a new measure of general metacognition for use in grades 3-9 learning settings, to provide information as to the strength of the instrument to represent metacognitive constructs, and to address the relationship between achievement and metacognition.
Experiment 1 addressed the development of two versions of the Jr. MAI. The development process included constructing items based on an existing measure composed of two factors: Knowledge of cognition and regulation of cognition. Experiment 2 further examined the inventories and also presented an initial validity investigation of the instruments. Exploratory factor analyses were conducted in both experiments for both samples of learners. Across both samples and both versions of the instrument these analyses dem-onstrated that the preponderance of items loaded strongly on five factors and accounted for large sample variance. Further, there were many consistencies in the factor structure across samples. As knowledge and regulation of cognition are related it was expected that some items might shift in their factor affiliation. This is consistent with findings from the MAI as reported by Schraw and Dennison (1994) . It is promising that across both samples the factors were quite interpretable and appear to measure both knowledge and regulation of cognition. Given some shift, however, those who use the Jr. MAI might best employ the inventories as a measure of knowledge and regulation of cognition overall and not rely heavily on individual factor scores. The Jr. MAI inventories are an important addition to research and instrumentation regarding metacognition since the factor structure across samples indicates that the Jr. MAI measures metacognition more broadly than existing measures, which often focus solely on regulation components.
Experiment 2 examined the correlations between the Jr. MAI and other metacognitive instruments, teacher ratings, and achievement scores. Findings indicated significant correlations between the Jr. MAI Versions A and B and the Strategic Problem-Solving Inventory (Fortunato et al., 1991) (A: r ϭ .72; B: r ϭ .68); moderate significant correlations between both versions of the Jr. MAI and the Metacomprehension Strategies Index (Schmitt, 1990) (A: r ϭ .30; B: .23); moderate correlations, but significant for Version B, between the Index of Reading Awareness (Jacobs & Paris, 1987) (A: r ϭ .22; B: r ϭ .28); and low correlations, although statistically significant for Version A, between the Jr. MAI and teacher ratings of metacognition (A: r ϭ .21; B: r ϭ .09). The correlations between achievement scores and the Jr. MAI were statistically significant, but low, for Version A and nonsignificant, and sometimes negative, for Version B. Overall, these results provide valuable support for the construct validity of the Jr. MAI.
The relationships between the Jr. MAI, Version A, and other inventories showed fewer significant correlations than did those for Version B. The disparity may be due to instruction that emphasizes learning discrete knowledge and regulation of strategies within specific contexts in the lower grades. In a related sense, the two metacognitive reading measures were generally less correlated with the Jr. MAI than was the Strategic Problem Solving Inventory (Fortunato et al., 1991) . It is likely that the reading context provided a more specific reference point for the learners. The children may have deemed the Jr. MAI and the Strategic Problem Solving Inventory as less specific.
Interestingly, the teacher rating measure was significantly correlated with the Jr. MAI, Version A, but was the only measure not correlated with the Jr. MAI, Version B. This finding may be due to the teachers of the younger learners making their ratings of student metacognition based on the skills they had observed within multiple content areas. In the older learners, the teachers were restricted to observations of students in a specific subject area.
As such, the teacher rating measure provides validity to the notion that the Jr. MAI measures metacognition broadly and across subject areas.
The relationship between metacognitive skills and achievement is complicated and not well addressed in previous research. Findings are inconsistent. Researchers strive to be able to measure metacognitive processes separate from achievement. The appeal of this approach is that if we can measure the constructs separately we can more clearly target metacognitive skills and other self-regulation constructs. The contrasting view is that when promoting general self-regulation and specifically metacognitive skills, such as monitoring, researchers assume that an increase in these skills should lead to an increase in academic achievement. That is, within more advanced learners, metacognitive skills should drive academic achievement. If this hypothesized relationship exists between metacognitive skills and processes and achievement, correlations between measures of metacognitive processes and achievement should be less strong in the younger academic years than in more advanced learners. The current work lacks support for this hypothesis. The findings from the current study, however, are consistent with previous findings that indicate either small or nonsignificant findings between metacognition and aptitude and achievement (e.g., Allon, Gutkin, & Bruning, 1995) .
The correlations between the Jr. MAI versions and achievement are generally low. They actually decrease in the older population. A favorable view of this finding is that the Jr. MAI measures something other than achievement. Swanson's (1990) research would support this notion. It is more likely that as learners age and gain more content-specific knowledge, strategic processes also become more domain-specific. Hence, a more domain-general measure of metacognitive processes loses its predictive power. Findings from two studies of the development and subsequent initial validation of a reading strategy and metacognitive measure for use with slightly older learners found higher correlations between that measure and reading achievement than for other achievement areas such as mathematics or study skills (PeireraLaird & Deane, 1997) . A competing view of domain-specific versus general views of metacognitive processes is presented in Schraw's work (e.g., Schraw, 1997; Schraw & Neitfield, 1998) .
Based on the findings from these two studies, the Jr. MAI appears to be a reliable measure of metacognition and initial construct validation is promising. Further work examining the instruments is necessary. Such work should include a stability analysis. In addition the inventories should be tested for generalizability in a more diverse sample. These are both weaknesses in the current study. Additional work should also include longitudinal studies with school-age learners. Studies that address the validity of the instruments with additional measures of metacognitive processing, such as calibration techniques, self-graphing, or perhaps interviews, are also needed.
The Jr. MAI can be used as a tool for classroom diagnosis and intervention and for future construct development for those studying self-regulatory constructs. It is easily administered and scored. The data presented here indicate evidence for validity and the general nature of the instrument is appropriate for use in assessing ongoing interventions. The authors have already received numerous requests from researchers and practitioners to use the instrument in their work. In addition, researchers at the NASA Classroom of the Future have used the instrument in four studies and have found it to be a valid predictor of learning in on-line environments (Schwartz, Andersen, Howard, Hong, & McGee, 1998) , success in problem solving (Hong & Jonassen, 1999) , effectiveness in cooperative learning (Howard, 1998) , and higher grade point averages and science-related attitudes (Howard, 1998) .
The two current studies further both theoretical and pragmatic work in the area of self-regulatory constructs. Future research should examine means of measuring metacognitive processing as well as other self-regulatory abilities in young learners for both theory development and effective instructional practice and should also continue to focus on more clearly understanding the relationship between metacognitive processing and achievement.
